Historic,  archived  document 


Do  not  assume  content  reflects  current 
scientific  Icnowledge,  policies,  or  practices. 


1. 


y 


?1 


UNITEE  STATIS  DSPiiETLIElMa]  0?  AGRICULTT| 
Bureau  of  Plant  Industry 


H.  T.  &  S.  Office  Report  i\To. 
(DO  HOT  PUBLISH) 


25 


TI3  TRAl^SPOHTATIOi^T  OF  SliSiT  GH.3±utIi]S  UlTDEH  SEFHIGEPJlTIOH 
Ai\ir  PEIRIGilPATIOiJ  SUPPLSIViEM'ilD  wITH  CASBON  DIOXIDi]  GAS 


Tests  made  in  cocperation  -./itn  Yakima  Valley 
shippers,  Northern  Pacixic  Railroad,  Chicago, 
Burlington  and  Q,uincy  Railroad,  and  The  Sisal- 
kraft  Company. 

Prom  Yakima,  wash.,  to  Liinneapolis ,  Minn., 
Chicago,   111.,  and  Pittsburgh,  Pa.  June  30 
to  July  8,  1938. 


By 

Edwin  Smith,  senior  horticulturist,  Pisk  Gerhardt, 
physiologist,  and  A.  Lloyd  Ryall ,  assistant  pomolo- 
gist.  Division  of  Pruit  and  Vegetable  Crops  ond 
Diseases 


Tfeshington,  D.  C. 
September  15 ,  1938 


r 


# 


THE  TltiilTSPORTATIOiM  OF  SWiCET  CHEER  IE  S  UNDER  REi'RlGERaTIOH 
MD  EErRIGERj.TIOK  SIiPPLEiAENTED  V/ITH  C.JffiON  DIOXIDE  G^lS 


Report  of  Test  Trip  Yfesh.  1938-1 
June  30  to  July  8,.  1938  ; 


INTRO  DUCT  lOi^ 

Studies  on  the  storage  of  sweet  cherries  have  shown  that  when  store'd 
in  atmospheres  containing  15  c'n.d  25  percent  carton  dioxide  gas  a.t  40°  E,  the 
fruit  remained  Drighter  and  was  subject  to'  less  docay  thsji  whin,  stored  in  air, 
and  fle.vor  ws-s  unimpaired.     Cherries  stor^^d  in' the  higher  concentrations  of 
ga,s  at  40°  remained  in  tetter  condition  than  when  stored  in  air  at  32°.  It 
has  also  "been  ascertained  that  sweet  cherries  can  be  held  in  concentrations  of 
carbon  dioxidu  gas  up  to  40  percent  for  three  weeks  at  45°  without  injury 
to  the  fruit.     Sweet  chtrries  shipped  from  the  Pa.cific  Northwest  to  eastern 
markets  are  ordinarily  subjected  to  temperatures  of  40°  or  higher  in  some  parts 
of  the  loa,d  end  if  they  move  by  freight  v\fith  slower  train  schedules  tb.an  by 
express,  the  continuance  of  these  temperatures  may  result  in  sufficient 
deterioration  to  mek:e  freight  shipments  more  or  less  hazardous. 

Believing  that  through  the  use  of  carbon  dioxide  in  transit  the  hazards  of 
shipping  s\;eet  cherries  by  freight  could  be  greatly  reduced,   studies  v/oro  made 
during  the  seasons  of  1935,  1936,  and  1937  on  the  possibility  of  maintaining 
desired  concentrations  of  the  gas  in  refrigerator  cars.     In  these  experiments 
the  movement  v/as  dv^r  short  distances  rnd  th^-  cars  were  loaded  xvith  apples 
without  ice.     In  addition,   similar  experiments  v/ere  conducTied  in  cars  not  loadci 
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with  ?iid  without  ica.     The  studicis  showed  that  the  loss  of  carbon  dioxide 
gas  frora  refrigerator  cars  under  movemont  was  so  great  that  it  was  difficult  ^ 
to  build  up  a  gas  concentration  cboye.  , 20  percent  and  that  this  concentration 
was  not  maintained  for  longer  than  a  few  hours. 

The  work  during  these  years  showed  that  if  the  principle  of  using 
carbon  dioxide  is  to  be  applied  to  rail  shipments,  mecZis  had  to  be  devised 
either  to  seal  the  cars  to  insure  retention  of  the  gas  or  the  supply  had 
to  be  replenished  in  ejnounts  sufficient  to  offset  the  loss  due  to  leoiage. 

Sweet  cherries  generally  bring  a  higher  price  on  the  auction  markets  in  tht 
east  when  tliey  are  bright  in  appearance.     Red  cherries  appear  brighter  cTxd 
seem  to  sell  better  than  black  cherries.     In  order  to  secure  the  desired 
bright  red  cherries  many  Pacific  Coast  shippers  have  demanded  that  black 
varieties  of  cherries  be  picked  before  they  are  mature  enough  to  have 
good  eating  quality.     Laboratory  ejcperiments  have  shown  that  sweet  cherries  koej 
brighter,  with  greener,  fresher  stems,  v/hen  held  in  carbon  dioxide  than 
when  held  in  air.     The  most  urgent  need  for  application  of  these  laboratory 
findings  therefore  appeared  to  bo  in  the  commercial  adaptation  of  the 
principle  of  using  carbon  dioxide  as  a  supplement  to  ice  refrigeration  in 
the  transportation  of  properly  matured  sweet  cherries  to  termina-1  markets. 

OBJECTS  V 

A  transportatioii  test,  involving  the  use  of  carbon  dioxide  gas  in  the 
carlot  shipment  of  sv/eet  cherries  from  Yakima,  T/ashing-ton,  to  eastern 
terminal  markets,  was  made  between  June  30  ajid  July  8,  1938.     This  test 
was  conducted  over  the  Northern  Pacific,  Chicago  Burlington  &  Q,uincy, 
and  the  Pennsylvania  railroads.     The  objects  of  this  test  v;ere  to  develop 
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information  relative  to:     (l)  methods  of  gas-proofing  refrigerator  cars, 
(2)  metliods  of  releasing  carbon  dioxide  gas,   (3)  rate  of  stLblima^t ion  of 
solid  carbon  dioxide  within  the  tesb  cars,   (4)  air  and  fruit  temperatures 
in  the  car,   (5)   the  influence  of  carbon  dioxide  on  refrigeration  in  transit, 
(6)  the  influence  of  carbon  dioxide  gas  on  the  color  ajid  condition  of  the 
fruit,   (7)  the  retention  of  the  gas  and  concentrations  of  it  that  may  be  ajiti- 
cipatod  in  present  refrigerator  car  equipment,  and  (8)  the  relation 
between  mauirity  of  cherrius  and  carbon  dioxide  gas  treatments  in  transit, 
and  the  condition  of  the  fruit  upon  arrival  at  market  destination, 

L 

Description  of  Cars 

In  order  to  obtain  -uniformity  in  refrigerator  car  construction,  five 
new  express  cars  of  a  single  series  (l\ElC-700)  were  used.     These  cars  were 
of  steel  construction  \7ith  vrooden  interiors.     They  carried  4  inches  of  insu- 
lation on  the  sides  and  4-1/2  inches  on  the  top  end.  bottom.     They  had  bunker 
capacity  of  12, 900  pounds'  of  ice,  while  their  total  cubical  capacity  was 
3,240  cu-bic  feet.     All  were  equipped  with  v/ ire  basket  ice  bunkers, 
and  floor  racks,  which  in  c^ll  cars  except  Car  A  v\?e re  'temporarily  raised 
on  stringers  4  inches  above  the  wearing  floor.      '  .  . 

Car  A  -  Bunkers  were  removed  and  the  entire  inner  surface  of  the 
MC-711 

cex  was  lined  T/ith  an  asphaltum  paper  in  which  Sisal 
fibers  were  embedded  ( Sisalkraf t)  .     The  jprper  surfaces 
were  glued  together  at  the  scams  with  ?  case in-8Jnmonia- rubber 
cement.     Ice  bunkers  v/ere  then  re-installed.     Solid  carbo:".  di- 
oxide was  carried  in  a  crib  in  the  bracing.   (See  Table  2) 
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Car  B  -  Inside  walls  and  ceiling  were -  c.oated  wit-h  an  odorless, 
MC-702      ■  '  ■ 

tasteless,  ..colorless,  eraalsified  mineral  oil.  The 

material  was  applied  in  a  uniform  film  bj,  means  of  an 

electrically  driven  spray  gun.  Solid  carbon  dioxide  . 

,  w.s.s  carried  in  a  wooden  crib  in  the  bracing.     (See  table 

Car  C  -  This  car  received  no  ge.s-proof ing.    One  galvanized. 
mC-724  ■  '    '  ' 

double-v/alled,  metal,   solid,  carbon  dioxide.  burJ-cer  11 

feet  long  and  12  inches  square,  in  cross  section,  v;as 

suspended  from  the  ceiling  at  alternate  ends  of  the  car, 

(See  table  2) . 

Car  D  -  No  gas-proofing  for  interior  of  the  car.     Solid  carbon 
WRC-705 

dioxide  ;vas  carried  in  tv/o  \700den  cribs,  one  at  each  end 

of  the  car  at  the  bunker.     The  cribs  were  suspended  across 

the  car  eibout  tv/o  feet  above  the  locA.     (See  table  2). 

Car  E  -  Check  car. 
NRC-704  ■  '  ' 

The  solid  carbon  dioxide  cribs  in  Cars  A  and  B  were  located  on  top  of 

center  bracing  above  the  top  level  of  the  load.     The  dry  ice  was  placed 

in  all  cars  on  the  morning  of  June  30,  subsequent  to  loading.  Special 

attention  wa.s  directed  tov.-a.rd  the  proper  functioning  of  the  water-seals 

and  hatch-plugs  in  all  of  the  test  cars.. 

Loca,tion  of  Electric  Resistance  Thermometers 

Air  Temperature 

Bottom  air;   center  line;  doorv/ay 

Top  II  II  II  II 

Bottom     "  I'    ^      "        bunke^-  at  floor  ra.ck 


Top  air;   center  line;  b-unker  r.t  screen 
Top     "      twelve  inches,  under  carbon  dioxide  container 
of  cars  C  and  D;   about  24  inches  below  top 
bunker  opening  at  6  inches  from  south  v/all, 

Fruit  Temperature 

_   ..  Bottom  fruit  center  do , o rw, a,y      ■  .  ,  -     ,  ■ 

Top  "  " II 

Bottom  11  "  quarterlergth 

Top  'I  "      .  :  .  ,  ,1     V  .  ' 

Bottom  'I  'I  bunker 

Top  "  II  •  II  ,  :  ,  ;  ■ 

II  'I  south  side  car  at  doorwa^; . 

Thermometers  were  not  inserted  in  the  flesh  of  the  cherries  but  were 
buried  rmong  the  fruits  at  the  centers  of  packages, 
Removal  of  Air  Samples  for  Qe.z  Analysis 

Air  sajnples  for  gas  analysis  were- ob,ta.ined  from  the  ceiling  and 
floor-rack  levels  at  the  quarterlength  positions.     They  v/ere  taJken  thrcagh 
a  lino  of  one-quarter  inch  rubber  tubing  coni.octed  to  coppc;r  tubing 
which  extended  through  the  doorway.     The  percent  of  carbon  dioxide  in  these 
air  sample was  determined  by  mcrns  of  an  Orsat  gas  analyzing  app-.ratus. 
Test  Boxes  of  Fruit,  for  Examination  at  J.-: st inat ion 

To  ob*o,in  comprraole  fruit  for  inclusion  in  the  different  cars,  cherries 
were  harviisced  from  a  single  group  of  trees  in  one  orchard  a  day  prior  to 
the  lo  ading  of  the  test  cars.     The  fruit  was  graded  as  to  color  into  tv/o 
lots  -  bright  red  and  dark  red,  representing  t..o  stages  of  maturity 
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commonly  encountered  in  commercial  shipments.     One  standard  15-pound 
cherry  lug  box  of  each  maturity  was  loaded  at  the  same  position  in  each 
test  car.     In  a.ddition,  each  car  contained  one  5-pound  box  of  stemless 
fruit  v/aich  had  been  immersed  in  a  bath  containing  blue  mold  spoi'es. 
All  test  boxes  were  carried  on  top  of  the  load  at  the  bracing. 

Fruit  loading  data. 

Table  1.     Loading  data  for  cars  of  sweet  cherries  in  test  'wash.  1938-1. 


Item 

Car  A 

Car  B 

Car  C 

Car  D 

Car  E 

Shipper 

Hort.  Union  Perham 

Hort. Union  Pacific 

Big  Y 

Loading  point 

YaJsiima  ■ 

Zillah 

Nache  s 

Yaiima 

Gleed 

Destination 

Minn. 

Chicago 

Chicago 

Dallas 

Pittsburgh 

Date  Loaded 

6/30 

6/29 

6/29 

6/30 

6/29 

Time  started 

7:20  A 

3:30  P 

3:30  P 

7:00  A 

4:  30.  P 

Time  finished 

9:40  A 

6:00  P 

7:15  P 

9:00  A 

6:15  P 

Car  temperature  -  start 

47°  F. 

35°  F. 

40°  F. 

40°  F. 

33°  F. 

Car  temperature  -  close 

49° 

34° 

52° 

47° 

32°-33° 

Fruit  tempo raturo 

31°-32° 

31°-34° 

32°-33° 

32°-33° 

Fruit  variety 

Bing 

Bing 

Bing 

Bing 

Bing 

Number  of  pa.ckages  l/ 

1528 

1512 

1528 

1070  2/ 

1584 

Packages 

17-k  lb. 

17^  lb. 

17^  lb. 

Mixed 

17i  lb. 

Layers  high  at  bunker 

7 

7 

7 

7 

Layers  high  at  doorway 

6 

6 

6 

6 

t 


,iy    Exclusive  of  test  boxes, 

'2/     Car  D  contained  200  lugs  of  17  l/2  lbs.  and  800  lugs  of  28  lbs. 

Unsettl-ed  shipping  conditions  me-de  it  impossible  to  complete  arrange- 
ments for  inclusion  of  some  of  the  cars  until  only  a  few  hours  before 
loading  smarted  and  it  was  impossible  to  manage  all  of  the  details  as  desired. 
As , a  result,  there  were  the  following  variations  in  loading  conditions, 
not  shown  in  table  1. 


Car  A    had  paper  applied  over  the  b-^ttom  hunker  openings  ahove  the  floor 
rficks  end  extenc^ing  over  the  floor  racks  to  a  distance  of  about  five  feet 
from  the  bunker  bulkheads.     No  lath  was  placed  on  the  floor  racks.  Fruit 
was  carried  from  storage  to  car  through  a.  small  wooden  tunnel,  with  canvas 
covering  the  remainder  of  the  car  door  opening.     A  weak  air  cuttent  passed  througt, 
the  tunnel  from  the  cold  storage  to  the  car.     Pa.ckages  were  stripped  on  the 
5rd,  5th  and  top  l^.yers. 

The  fruit  load  had  been  a.ssembled  over  several  days  and  no  cherries 
were  in  the  cold  storage  rooms  less  than  36  hours.     Packages  examined 
showed  satisfactory  fruit  maturity.     Occasional  fruits  v^rere  found  with 
rain-cracks,  a  few  of  v/hich  had  started  to  decay. 

Car  B  had  paper  applied  on  the  floor  racks  at  the  bottom  bunker 
openings  as  in  car  A.     Lath,   running  lengthv'.'ise  of  the  car  and  packages, 
was  placed  on  the  floor  racks  to  prevent  the  cleats  on  the  packages  from 
dropping  into  the  cra„cks  of  the  floor  racks  ^nd  to  save  the  lids  (faces 
of  packages  being  loaded  dovnwards  in  all  cars)  from  resting  directly  ' 
on  the  floor  raxks.     A  ply-v/ood  tunnel,  the  full  size  of  the  car  doorwa,y,  was 
affixed  between  the  storage  a,nd  the  car.     Salt  had  been  applied  to  the  ice 
two  hours  prior  to  lording  and  car  precooler  fans  were  operated  approxi- 
mately two  hours  pi'ior  to  opening  the  car  for  loading,  during  the  loa.ding 
period  pjid  for  approximately  two  hours  ^fter  loading  was  completed.  Pa.ck- 
ages were  stripped  on  the  3rd,   6th  and  top  layers. 

The  fruit  load  had  been  assembled  over  several  days  and  no  cherries 
were  in  the  cold  storage  rooms  less  than  24  hours.     The  fruit  in  many 
boxes  appeared  rather  immature,  being  bright  red  in  color.     Many  fruits 
were  rather  soft.     Some  rain-cracks  were  evident  and  an  occasional  cherry 
showed  slight  mold  growth. 
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Car ,  C  w^s  not  supplied  with  paper  on  the  floor  racks  at  the  hunk- 
ers or  v'ith  lath  heneath  the  fruit  packages.     Fruit  was  carried  from  stor- 

i 

age  to  car  through  a  small  wooden  tunnel,  with  "burlap  covering  the  balance 
of  the  car  door  opening.     Refrigeration  carried  through  the  tunnel  from  the 
cold  storage  did  not  appreciably  influence  the  temperature  within  the  car 
while  loading.     Packages  were  stripped  on  the  2nd,  4th  pnd  top  Ipjrers. 

The  fruit  lord  had  been  assembled  over  several  days  pjid  no  cher- 
ries were  in  the  cold  storage  room  less  than  36  hours.     The  fruit  in, 
the  packages  examined  showed  satisfactory  maturity.     Occasionally  a 
cherry  was  found  with  rain-cracks. 

Car  D  had  paper  capplied  on  the  floor  racks  at  the  bunker  openings 
snd  had  strips  placed  beneath  the  packages  a.s  in  car  B.     Fruit  was  con- 
veyed from  the  storage  to  the  car  through  a  ply-wood  tunnel  v^^hich  was 
the  size  of  the  car  door  opening.     Air,  at  a  temperature  of  32°-34°  F. , 
was  blown  from  the  cold  storage  room,  but  the  size  of  the  conveyor  open- 
ing from  the  storage,  as  well  as  tunnel  conditions,  prevented  this  from 
markedly  influencing  the  temperature  of  the  car  during  loading.     The  17  l/2 
pound  packages  were  stripped  on  the  2nd,  4th  and  top  layers. 

The  fruit  load  had  been  assembled  over  several  days  and  no  cher- 
ries were  in  the  cold  storage  rooms  less  than  24  hours.     As  only  --^ir  tem- 
peratures were  to  be  recorded  in  this  car  the  fruit  packages  were  not 
opened  for  examination. 

G^T  E  had  pa.per  applied  on  the  floor  racks  at  the  bunker  openings 
ajid  strips  placed  beneath  the  packages  as  in  car  B.     Fruit  v/as  loaded 
by  trucking  through  a.  wooden  tunnel  fitted  to  the  full  size  of  the  car 
door.     Fans  with  ai'rplane-type  propellors  blew  a.  strong  air  blast  from 
the  storage  into  the  car  during  loading.     The  air  had  ^  terapcr'^ture  of  28°  F. 
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as  it  left  the  ,  storage.     Packages  v.ere  stripped  on  the  2nd,  4th  -"^nd  top 
layers. .  . 

The  fruit  lord  was  assembled  over  several  days  and  no  cherries 
were  in  the  cold  storage  less  than  24  hours.     The  packages  examncd 
contained  fruit  of  satisfactory  maturity. _ 

The  loads  in  all  cars  were  "braced  at  the  doorv?ays. 
Variations  in  car  refrigeration. 

The  principal  object  in  securing  a  record  of  the  temperatures  in 
transit  was  to.  observe  the  effect  upon  car  refrigeration  of  the  subli- 
mation of  the  dry  ice  end  the  maintenance  of  carbon  dioxide  gas  within  the 
cars.     It  was  desired  to  observe  the  effect  upon  the  car  ref rigerption  of 
placing  the  dry  ice  (a)  above  the  car  bracing  Ft  the  center  of  the  car, 
(b)  adjacent  to  the  ice  bunkers  and  (c)  in  longitudinal  metal  bunkers 
sbove  the  load.     It  we.s  not  possible  to  dissuade  rll  shippers  from  their 
usual  ref riger'-^tion  practices  in  order  to  have  all  ca.rs  shipped  under 
uniform  icing  instructions  so  that  the  folloi'"ing  variations  in  refrigeration 
occurred. 

CaJT  A  was  fully  iced  June  28  and  reiced  June  29;  4  percent  S'-'lt 
was  added  to  the  ice  after  loading  was  completed  at  9:40  A.  M.  June  30. 
After  reicing  at  Spokane  the  use  of  salt  was  discontinued  for  the  bal- 
ance of  the  transit  period  to  reduce  the  danger  from  freezing. 

Car  B  was  fully  iced  June  28  --^nd  reiced  June  29;  4  percent  salt 
1     was  added  to  the  ice  at  1:3C  T.  M.  June  29,   two  hours  prior  to  loading. 
Car  precoolcrs  were  installed  immediately  after  adding  the  S'-^lt  and  were 
operated  until  3:00  P.  M.     Four  percent  s.-^lt  vas  used  at  all  reicings  in  trans- 
it. 
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C^x  C  v;as  fully  iced  on  June  28  flnd  reiced  on  June  29;  4  percent 
E?lt  wp,s  added  to  the  ice  after  loading  ?/as  completed  ^t  7:15  P.  M.  ■ 
June  29,  and  at  all  reicings  excepting  Lr-urcl,  where  the  perccnt'^ge  wns 
reduced  to  3  percent. 

Car  D    was  fully  iced  on  June  28  pnd  reiced  on  June  29;  4  percent 
salt  was  added  to  the' ice  at  10:00  P.  M.  June  29,  nine  hours  prior  to 
the  time  of  loading  the  car.     Four  percent  solt  v/as  used  ^t  all  reicing 
stations. 

Cpx  E  was  fully  iced  on  June  28  ;ind  reiced  on  June  29;  5  percent 
salt  was  added  to  the  ice  after  loading  was  completed  at  6:15  P.  M. 
June  29  "md  at  all  reicing  stations  in  transit. 

Observations  Made  En  route  and  pt  Destinrtion  '  '  ■ 

Fruit  and  air  temperatures  vere  obtained  at  frequent  intervals 
en  route  by  means  of  electric  resistance  thermometers.     During  transit 
icing  records  were  kept,  and  determinations  were  made  of  the  carbon 
dioxide  content  of  the  atmosphere  within  the  test  cars.     Observations  were 
made  -■^t  destination  on  the  fruit  in  the  test  boxes.     They  included  notes 
on  the  color,  condition,  and  percentage  of  decay  in  the  various  lots. 
Comp'-^ri sons  were  also  made  of  the  general  appearance  of  the  fruit  from  the 
various  cars.  "  ' 

PRESENTATION  OF  HESULTS' 
The  results  will  be  presented  under  three  headings,  i.e. 

a)  Sublimation  of  solid  carbon  dioxide  -^nd  its  gaseous  concentra- 
tion in  transit. 

b)  Refrigeration  in  trajisit. 

c)  Condition  and  appearnace  of  fruit  at  destination. 


SUBLIkA-TIOH  OF  SOLID  CARBON  DIOXIDE  AW  ITS  GASEOUS 
GONGEKTBATION  IN  TBAI'TSIT 

After  completion  of  loading,   solid  carbon  dioxide  vas  added  to  the 
refrigerator  cars  according  to  the  methods  outlined  in  Table  2.  Pre- 
vious results  have  shoviTi  thpt  it  is  possible  to  effect  a  rapid  accumulation 
of  carbon  dioxide  within  the  cars  by  the  addition  of  crushed  cpkes  of 
solid  carbon  dioxide  to  the  water  ice  in  the  bunkers.     Due  to  super 
cooling,  this  procedure,  however,  produces  some  channeling  of  the 
water  ice.     From  Table  2  it  can  be  seen  that,  depending  upon  the  duration 

Table  2.     Application  and  Sublimation  of  Solid  Carbon  Dioxide  in  Eefrigerp- 
tor  C'^rloads  of  Sweet  Cherries  from  Yakimp  to  Chicago.  1938 

of  the  transit  period,  from  430  to  900  pounds  of  solid  Cf^rbon  dioxide  were 
sublimr.ted  per  car.     This  amoimt  of  sublimation  v/as  m'^ny  fold  greater  thnn 
would  have  been  necessary  had  there  been  no  gps  leakage  from  the  p??rs  during 
transit.     For  example,  in  Car  D,  432  pounds  of  solid  carbon  dioxide  were 
sublimated  in  60  h^urs  and  the  ntmospheric  cnncentr-'^tion  of  this  gr.s  averaged 
about  11-12  percent  during  this  period.    Had  there  been  no  escape  of  gas  from 
the  car,   it  would  have  required  the  sublimation  of  less  than  40  pounds  of 
solid  carbon  dioxide  to  yield  a  similar  concentration  of  this  gas.  This 
statement  is  based,  on  the  fact  th' t  one  pound  of  solid  carbon  dioxide 
will  liberate  9  cubic  feet  of  gas  and  that  the  cubic  capacity  of  the  car 
is  approximately  3,240  feet.     Therefore,   the  reserve  solid  carbon  dioxide 
requirement  for  tnis  car  was  approximately  eleven  times  greater  than  would 
have  been  necessary  had  no  leakage  occurred.     This  situation  emphasizes 
the  need  for  reducing  the  leakage  of  gas  from  refrigerator  cars  if 
maximum  benefits  are  to  be  obtained  from  the  transportation  of  fruits  -"^nd 
vegetables  in  atmospheres  of  c^^rbon  dioxide. 
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The  sublimation  rates  of  all  the  packfigcd  cakes  of  solid  carbon 
dioxide  arc  also  given  in  Table  2.     The  rate  was  twice  as  high  in  the 
steel  "dry  ice"  bunker  as  from  the  heavily  insulated  shipping  ca.rtons 
in  the  crib  at  the  bracing.     The  sublimation  rate  was  also  considerably 
higher  in  the  shipping  cartons  v/hen  free  access  to  air  was  possible 
as  in  Car  D. 

In  table  3  and  figure  1  are  presented  the  data  on  the  concentrations 


Table  3.     Percent  Carbon  Dioxide  in  Refrigerator  Cars  Loaded  with  Sweet 
Cherries.  1938. 

Figure  1.     Carbon  Dioxide  Concentration  within  Refrigerator  Cars  of 

Sweet  Cherries  En  route  from  Yakima,  Washington,  to  Chicago, 
Illinoi  s. 

of  carbon  dioxide  obtained  in  the  various  test  cars  en  route.     Ca^r  A 
(lined  vith  Sisalkraft  paper)  retained  the  highest  concentration  of  gas; 
if  the  r^te  of  su.blimatlon  could  have  been  increased,   even  higher  concen- 
trations of  gas  might  have  been  obtained.     Evidently  the  rate  of  sublimation 
in  this  car  must  have  approximated  the  rate  of  leakage  between  the  18th 
and  the  67th  hours,   since  during  this  time  the  concentrations  of  gas  varied 
but  little. 

Car  B  (  greased)  retained  disappointingly  low  concentrations  of  carbon 
dioxide.     Evidently  this  car  was  a  "leaker"  and  visual  inspection  lent 
emphasis  to  this  conclusion.     Door  seals  and  bunker  fittings  v;ere  none  too 
tight.     The  addition  of  323  pounds  of  solid  carbon  dioxide  to  this  car 
at  Laurel,  Montana,  resulted  in  a  temporary  increase  of  the  atmospheric 
carbon  dioxide  gas  for  only  about  30  hours.     It  appears  th^t  a  large 
variation  in  sas-tightness  exists  betv/een  new  refrigerator  cars  of  the 
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FIGURE  1     Carbon  Dioxide  Concentration  within  Refrigerator  Cars  of 

Sweet  Cherries  En  route  from  Yakima,  Washington,  to  Chicago, 
Illinois. 

Car  A  -  Lines  with  Sisalkraft  paper.    Carbon  dioxide  in 
wooden  crib  at  the  bracing. 

Car  B  -  Inside  surface  of  car  coated  with  grease.  Carbon 
dioxide  in  wooden  crib  at  the  bracing . 

Car  C  -  No  gas-proof ing .  Carbon  dioxide  in  double  walled 
metal  "dry  ice"  bunkers  suspended  from  ceiling  at 
alternate  ends  of  the  car. 

Car  D  -  No  gas-proofing.    Carbon  dioxide  in  wooden  racks 
at  each  bulkhead  about  2  feet  above  the  load. 
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same  series.     G-rpasing  of  the  interior  surface  of  the  car  in  the  loading 

4 

space,   in  the  opinion  of  the  observers  does  not  \varrant  further  study, 
since  the  lightness  of  application  and  the  inability  to  treat  the 
bunker  surfaces  leaves  the  gas-proofing  problem  unsolved. 

Re-icing  of  the  gas  cars  in.  transit  was  a.ccompli shed  by  opening 
one  bunker  plug  at  a  time.     Tabic  3  shov/s  th^t  the  higher  the  concen- 
tration of  carbon  dioxide  gas  within  the  car  the  greater  v/as  the  gas 
loss  during  re-icing.     Rough  handling  "nd  jolting  of  the  cars  increased 
the  sublimj't ion  rate  and  resulted  in  higher  gaseous  concentrations  of 
carbon  dioxide.     This  was  especially  true  between  Missoula  and  Helena, 
Montana.,  where  the  Continental  Divide  was  traversed  and  the  jolting  of  the 
cars  at  the  rear  of  the  train  was  the  most  severe.     (See  fig.  l) . 

REFRIGERATION  IN  TRANSIT 

Temperature  records  during  transit  are  given  in  tables  4,  5,  6,  7, 
and  8.  Ice  and  salt  data  are  shown  in  table  9.  Weather  observations  are 
given  in  table  10. 


Table  4.  Temperatures  in  Transit  Car  A:  Paper  lined  -  Dry  ice  in  bracing. 

Table  5.  Temperatures  in  Transit  Car  B:  Oil  coated  car  -  Dry  ice  atbracin 

Table  6.  Temperatures  in  Transit  Car  C:  Metal  dry  ice  bunkers  -  no  sealir 

Table  7.  Temperatures  in  Transit  Car  D:  Dry  ice  bulkhead  above  load. 

Table  8.  Temperatures  in  Transit  Car  E:  Check  car.  t 

Table  9.  Ice  and  Salt  used  in  transit. 

Table  10.  Weather  Observations. 
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Tabl*  7.    Temperatures  In  Trazuit. 
Car  D:    Dry  iee  in  balkhead  above  load. 
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Influence  of  Raised  Floor  Racks  on  Refrigeration 

For  a  period  of  approximately  60  hours  "between  Glendive,  Montana, 
and  Northtown,  Minnesota,  the  difference  "between  the  average  temperature 
of  the  air  at  the  top  hxinker  opening  and  the  a.verage  temperature  of  the 
air  at  the  floor  racks  at  the  bottom  of  the  hunker  in  car  A  (floor  rpcks 
not  raised)  was  10.6°  F. ,  in  car  B  (with  dry  ice  placed  as  in  car  A) 
9.7°;  in  car  C  (with  dry  ice  in  metal  bunkers  above  the  load)  7.4°;  and 
in  car  E  (check  car,  no  dry  ice)  11.3°-:  Owing  to  failure  in  thermometer 
equipment  comparisons  of  air  temperature  differences  at  these  positions 
cannot  be  made  over  a  longer  period  of  time. 

Temperatures  within  the  packages  of  fruit,  referred  to  as  "fruit 
temperatures,"   showed  differences  between  the  bottom  and  top  (seventh) 
layers  of  packages  at  the  bunker^ in  keeping  with  differences  in  air 
temperature  in  the  various  cars.     An  a.verage  of  these  differences  in 
"fruit  temperature"  between  Yakima  and  Northtown  were  as  follows:  Car 
A  (floor  racks  not  raised)  4.6°;  car  B,  4.2°;  car  C,  4.8°;  car  E  (check 
car)  5.9°.     From  these  studies  it  cannot  be  concluded  that  raising  the 
floor  racks  4  inches  above  their  normal  position  significantly  influenced 
the  circulation  of  air  within  the  car. 
Influence  ^of^pry  ,.Ipe_  .Vpon  Ref  ri_geratiop 

Excepting  at  the  time  of  the  first  observation  the  air  temperatures 
at  the  top  bunker  opening  were  higher  in  the  check  car  than  in  any  of 
the  cars  containing  carbon  dioxide.     Since  5  percent  salt  was  used  with  » 
the  ice  in  the  check  car  as  contrasted  with  4  percent  or  less  in  the 
cars  supplied  with  dry  ice,   this  would  indica.te  that  the  refrigerating 
effect  of  the  dry  ice  as  placed  in  these  cars  was  more  than  sufficient  to 
offset  any  interference  with  air  circulation  or  car  refrigeration 
which  might  h^ve  resulted  from  the  presence  of  the  carbon  dioxide. 
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Placing  the  dry  ice  in  cribs  in  the  ends  of  the  car  "beneath  the 
bunker  bul'^diead  openings  did  not  appear  to  affect  the  temperatures 
within  the  car  to  any  great  extent.     While  there  was  a  very  small  dif- 
ference in  air  temperature  betv/een  the  top  and  bottom  bulkhead  positions 
in  ca.r  D,   the  air  .  temperatures  at  the  bottom  of  the  bunker  were  not  as 
low  in  that  car  as  they  were  in  the  other  cars,  whereas  the  air  temperatures 
at  the  doorway-floor  racl'"  position  v/ore  similar  to  those  in  the  check 
car,  which  had  5  percent  salt  insuca.d  of  4  percent  as  in  the  other  cars. 
The  air  temperatures  a.t  doorv.ay-f loor  rack  position  in  car  D  were  not  as 
.low  as  they  were  at  similar  positions  in  cars  having  the  dry  ice  in  cribs 
above  the  bracing  at  the  doorway.  ' 

.  As  far  as  cen  be  ascertained  from  the  data,   the  pir  temperatures 
immediately  beneath  the  dry  ice  cribs  in  Car  D  and  beneath  the  metal  dry 
ice  bunker  in  Car  C  were  one  or  t\fo  degrees  lower  than  they  might 
have  been  without  the  dry  ice.     The  lowering  of  the  temperature  at  the  top 
of  the  car  makes  these  positions  idep.l  for  the  use  of  dry  ice  insofar  as 
refrigeration  is  concerned. 

The  lowest  temperatures  at  floor  rack  positions  prevailed  in  the  cars 
having  dry  ice  in  cribs  above  the  bracing  at  the  doorwpy  (Cars  A  and  B). 
As  far  as  a^n  be  detei'mined  from  the  data,  the  ^ir  temperatures  the 
doorway-floor  rack  position  vrere  from  1  to  3  degrees  lower  during  the 
first  two  days  than  they  might  have  been  had  the  dry  ice  not  been  in  the 
car.     However,  such  variables  as  differences  in  fruit  and  cpr  tempera- 
tures, during  loading,  differences  in  time  and  manner  of  application  of 
initial  charges  of  salt  and  the  insulating  effect  of  the  ppper  in  c^r  A, 
make  it  impossible  to  draw  definite  conclusions  as  to  the  ref rigerpting 
effect  of  the    dry  ice-    The  rate  of  sublimation  of  the  dry  ice  in  cartons 
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( taolc  2)   indiciites  thrt  less  tHan  100  pounds  '.'.T'S  sulDlimf.'.ted  from  the 
cartons  per  24  hours.     The  ref rigerpti on  from  this  could  approximpte 
that  from  melting  200  pounds  of  water  ice,  which  would  not  "produce  any 
marked  difference  in  the  temper^'ture  of  the  car  as  a  whole.  ' 

The  144  pounds  of  dry  ice  ^"hich  was  "broken  up  in  the  bunkers  at 
Yakima,  largely  suhlim.a.tcd  during  the  first'24  hours.     For' this  reason 
its  refrigerating  effect  was  more  marlced  during  the  first  36  hours  than 
during  the  following  period. 

Ov/ing  to  the  lo\''  temperatures  prevailing  in  car  A  (which  v/as  lined  with 
Sisalkraft  paper),   the  use  of  salt  with  ice  was  discontinued  "beyond 
Spokane,  and  the  amount  of  salt  added  to  car  B  was  reduced  to  3  percent 
at  Laurel.     Low  temperatures  continued  to  prevail  in  car  A,   so  it  is  con- 
cluded that  the  special  lining  of  paper  and  the  additional  a.ir  space  above 
the  load  had  a  significant  insulating  effect. 

Krom  a  study  of  the  temperature  records  it  appears  that  if  dry  ice 
is  used  according  to  the  practices  outlined  above,  with  fruit  precooled 
to  32°,  not  over  3  percent  salt  should  be  used  at  the  initial  icing. 

A 

The  temperature  records  confirm  the  work  of  Mallison  and  Powell,  which 


/ 1    Mallison,  E.  D.  and  Powell,  C.  L. ,  "Refrigerated  Transporation  of 
Bartlett- Pears  from  the  Pacific  Northwest."     U..  S-D.A.   Tech.  Bui.  434.  1934 

showed  that  with  precooled  fruit  the  use  of  salt  should  be  modified  from 
the  regular  practice  of  adding  a  definite  percentage  a,t  the  initial  and 
subsequent  icing  stations.     The  records  indicate  that  more  uniform  tempera- 
tures probably  would  haive  resulted  if  less  salt  had  been  added  at  Yakima 
and  Spokane  and  more  had  been  added  at  subsequent  icing  stations.     The  data 
suggest  that  when  cherries  are  precooled  thoroughly  to  32° .  ■  ''^here  care 
is  taken  to  keep  cars  cold  "hile  loading  and  when  well-insulated  cars  are 
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used,  not  over  3  percent  salt  should  be  used  at  the  initial  icing  a.nd  the 
first  re-icing  and  that  5  percent  salt  should  he  used  at  subsequent  re-icing 
stations;  or,  as  Mallison  and  Powell  have  suggested,   stated  amounts  of  salt 
should  be  added  at  each  icing  station.     They  suggested  75  poiinds  of  salt 
at  each  icing  station,  but  they  re-iced  every  24  hours.     When  re-icing 
operations  are  spaced  pt  intervals  of  40  hours  or  longer,  as  was  the  case 
during  this  work,   the  stated  amounts  of  salt  should  be  greater  than  75  rounds. 
Under  conditions  obtaining  in  this  test,  140  pounds  of  salt  per  car  would 
not  have  been  too  much  to  add  at  each  re-icing  station  where  dry  ice  was  not 
broken  up  in  the  ice  bunkers. 

CONDITION  AMJ  APPEAJIAIICE  OF  FEl'IT  AT  DESTINATION 

Test  boxes  from  car  D  could  not  be  observed  as  it  was  diverted 
from  the  Northern  Pacific  Railway  at  Laurel,  Montana.     The  destinations 
of  the  test  cars  were:     Car  A,  Minneapolis  on  July  5;   cars  B  and  C, 
Chicago  on  July  6;   axid  car  E,  Pittsburgh  on  July  8.     The  fruit  was  inspected 
upon  arrival-  of  each  car  at  destination. 

Data  on  the  condition  and  appearance  of  the  test  fruit  are  summarized 
in  table  11.     More  decay  developed  during  transit  in  the  dark  red  cherries 
than  in  the  less  mature  ones.     The  comparatively  low  concentrations 
of  carbon  dioxide  maintained  within  the  test  cars  failed  to  control  decay 
in  the  inoculated  fruit.     Fruit  of  the  light  red  maturity  was  more  firm  at 
destination  but  vas  not  as  sweet  or  full  flavored  as  the  darker  colored  lots. 
The  test  fruit  in  the  gassed  cars  was  generally  brighter  and  the  stems 
were  greener  than  in  the  case  of  comparable  fruit  in  the  check  car  without 
gas. 

The  commerci^'lly  packed  fruit  comprising  the  load  proper  v:as  not 
of  best  shipping  q_uality  at  point  of  origin,  most  of  it  having  been  pickc;»-i 
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after  rains  and  after  having  been  held  in  storage  for  Vr?rying  periods  of 
time  prior  to  loading.     Due  to  the  excessive  rains  there  v/a,s  more  or  less 
cracking  of  the  cherries  and  an  occa.sional  decayed  fruit  was  found  prior 
to  loading.     In  general,   the  condition  and  appearance  of  the  fruit  changed 
but  little  during  freight  transit  in  atmospheres  containing  carbon  dioxide. 
The  fruit  compared  favorably  .-in  color  and  condition  v/ith  that  from  similar 
sources  shipped  by  express  tv/o  or  three  days  later.     On  the  Chicago  auction, 
differences  in  price  on  the  same  day  between  fruit  shipped  by  express  July 
2  and  tha.t  shipped  by  freight  under  gas  June  29  were  small. 

There  was  some  freezing  damage  due  to  the  precooling  and  the  methods  of 
refrigeration  used.     The  effect  of  freezing  was  observed  to  the  greatest 
extent  in  the  bottom  layer  of  car  B.     This  car  v;as  loaded  on  the  afternoon 
of  June  29,  but,  unfortunately,  due  to  complications  of  hurried  loading 
at  different  points,  temperature  records  were  not  secured  for  this  car 
between  that  time  and  the  morning  of  June  30.     Since,  however,  temperatures 
subsequently  were  not  as  low  in  car  B  as  they  were  in  other  cars,   it  is 
concluded  either  that  freezing  must  have  taken  pla.ce  before  the  dry  ice 
was  added;  or,  that,  owing  to  the  fact  that  the  cherries  in  this  car  were 
less  mature  than  they  were  in  the  other  cars,  they  froze  at  a  higher 
temperature.     According  to  Wright    ,2/  the  freezing  point  of  mature 

■ .    .....  ^..m  .  <  ........  .      —   ■■  ■  -  —   — 

.2./Wright,  R.  C,  "The  Freezing  Temperatures  of  Some  Fruits,  Vegetables, 
and  Florists'  Stocks."     U.S.D.A.  Circular  No.  447.  1937. 


Bing  cherries  varies  from  23.4°  to  24.3°  F. ,  whereas  that  of  immature 
Bing  cherries  varies  from  24,6°  to  26.4°. 
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Bureau  of  Plant  Industry 

EdTfih  Smith 

Fisk  Gerhardt 

A.  Lloyd  Eyall 
Northern  Pacific  Railway 

Fred  F.  Fischer 
Chicago,  Burlington  and  Quincy  Railrop.d 

E.  H.  Ross 
Fruit  G-rov/ers  Express  Company 

S.   C.  Belt 


